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Childhood maltreatment represents a signiﬁcant risk factor for psychopathology. Recent
research has begun to examine both the functional and structural neurobiological corre-
lates of adverse care-giving experiences, including maltreatment, and how these might
impact on a child’s psychological and emotional development. The relationship between
such experiences and risk for psychopathology has been shown to vary as a function of
genetic factors. In this review we begin by providing a brief overview of neuroendocrine
ﬁndings, which indicate an association between maltreatment and atypical development
of the hypothalamic–pituitary–adrenal axis stress response, which may predispose to psy-
chiatric vulnerability in adulthood. We then selectively review the magnetic resonance
imaging (MRI) studies that have investigated possible structural and functional brain differ-
ences in children and adults who have experienced childhood maltreatment. Differences
in the corpus callosum identiﬁed by structural MRI have now been reliably reported in
children who have experienced abuse, while differences in the hippocampus have been
reported in adults with childhood histories of maltreatment. In addition, there is prelim-
inary evidence from functional MRI studies of adults who have experienced childhood
maltreatment of amygdala hyperactivity and atypical activation of frontal regions. These
functional differences can be partly understood in the context of the information biases
observed in event-related potential and behavioral studies of physically abused children.
Finally we consider research that has indicated that the effect of environmental adversity
may be moderated by genotype, reviewing pertinent studies pointing to gene by environ-
ment interactions. We conclude by exploring the extent to which the growing evidence
base in relation to neurobiological and genetic research may be relevant to clinical practice
and intervention.
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INTRODUCTION
Early adversity, and in particular childhood maltreatment, has
been reliably associated with an increased risk of poor out-
come across a range of domains, including, physical and mental
health, social and academic functioning, and economic produc-
tivity (e.g., Lansford et al., 2002; Shirtcliff et al., 2009; Currie
and Widom, 2010). Over the last decade, new techniques have
allowed researchers to investigate the possible impact of such
adversity on both brain structure and function (e.g., Teicher
et al., 2003; Caspi and Mofﬁtt, 2006; Lupien et al., 2009). The
aim of this review is to present a concise overview of those
studies that have investigated the neurobiological impact of child-
hood maltreatment. Neuroendocrine, neuroimaging, and genetic
factors are considered in turn. Space constraints mean that it
is not possible to widen the focus to include many related
studies of institutionalization or neglect (see instead Gunnar
et al., 2006; Neigh et al., 2009). Rather, the primary focus of
this review relates to the experience of childhood maltreat-
ment, deﬁned as an experience of physical, sexual, or emo-
tional abuse. However, we occasionally highlight investigations
of institutionalization in contexts where there remains a paucity
maltreatment-related research (notably in the ﬁeld of functional
resonance imaging).
We ﬁrst provide a short overview of the hypothalamic–
pituitary–adrenal (HPA) axis stress response before considering
evidence that maltreatment may alter the functioning of this sys-
tem in children and adults. The second and third sections review
the evidence for changes at the level of regional brain struc-
ture and function, respectively. We then consider the evidence
from genetic studies, including investigations of gene by environ-
ment (GxE) interactions and epigenetic effects in humans and
animals, relating these to possible mechanisms associated with
vulnerability and resilience. The ﬁnal sections of the review seek
to consider the limitations of current research and consider the
degree to which neurobiological research can help advance our
clinical understanding of the impact of maltreatment.
STRESS SYSTEMS AND EARLY ADVERSITY
MALTREATMENT AND THE HPA SYSTEM
The HPA axis represents one of the body’s core stress response sys-
tems. Exposure to stress triggers release of corticotrophin releasing
hormone (CRH) and arginine vasopressin (AVP) release from the
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paraventricular nucleus of the hypothalamus, which in turn stim-
ulate secretion of adrenocortico-trophic hormone (ACTH) that
acts on the adrenal cortex to synthesize cortisol. Feedback loops
at several levels ensure that the system is returned to homeosta-
sis since chronically elevated cortisol levels can have deleterious
effects on health (Lupien et al., 1998).
CHILDRENWHO HAVE EXPERIENCED MALTREATMENT
Findings from studies investigating HPA axis activity in chil-
dren and adolescents with a history of maltreatment are mixed
(Tarullo and Gunnar, 2006). For example, in one study of HPA
axis response to CRH stimulus (Kaufman et al., 1997) reported
ACTH hyper-responsiveness, but only among a subsample of mal-
treated children who were depressed and still exposed to a stressful
home environment; no differences were found in cortisol mea-
sures. By contrast, Hart et al. (1995) in a study of preschoolers
who had experienced maltreatment reported a pattern of cortisol
suppression in situations of stress that was associated with social
competence.
Most studies have collected basal cortisol level data given the
ethical and practical implications of pharmacological challenge
tests with children. Several studies have reported elevated basal
cortisol levels (De Bellis et al., 1999a; Cicchetti and Rogosch,
2001; Carrion et al., 2002) while others have reported cortical
suppression (Hart et al., 1995). One explanation for these appar-
ently contradictory ﬁndings is that elevation is associated with the
presence of a concurrent affective disorder (Tarullo and Gunnar,
2006). For example, two studies have reported a rise in cortisol lev-
els across the day for maltreated children with depression, but no
effects in maltreated children without depression (Kaufman, 1991;
Hart et al., 1996). This pattern is also consistent with the elevated
ACTH response to CRH in the maltreated-depressed group noted
above (Kaufman et al., 1997). Other studies have reported similar
elevations in relation to maltreated children with post-traumatic
stress disorder (PTSD; Carrion et al., 2002) and dysthymic girls
who had been sexually abused (De Bellis et al., 1994). While
this pattern of elevated cortisol also characterizes non-maltreated
children with affective disorders (e.g., Goodyer et al., 1998) it is
not clear if maltreatment contributes an additional effect (Cic-
chetti and Rogosch, 2001; Cicchetti et al., 2001). It should also
be noted that several studies of children with antisocial behavior
have reported reduced basal cortisol concentrations and lower cor-
tisol levels when exposed to stress (see van Goozen and Fairchild,
2008, for a comprehensive review). It is possible that that expo-
sure to early adversity in these children leads to a pattern of stress
habituation over time, a pattern that increases the risk of difﬁ-
culties in emotional and behavioral regulation; equally, reduced
stress responsivity may emerge as a result of genetic factors, or
GxE interactions (van Goozen and Fairchild, 2008).
ADULTS WHO HAVE EXPERIENCED MALTREATMENT AS CHILDREN
Heim and colleagues propose that childhood maltreatment
increases the risk of developing depression due to a sensitization
of the neurobiological systems implicated in stress adaptation and
response (Heim et al., 2008). In an early study using the stan-
dardized Treir Social Stress Test (requiring public speaking and
mental arithmetic) they reported that women with a history of
maltreatment with and without depression exhibited an increased
ACTH response compared with controls (Heim et al., 2002). A his-
tory of childhood abuse was found to be the strongest predictor of
ACTH responsiveness; this was ampliﬁed by the experience of fur-
ther trauma in adulthood (Heim et al., 2002). More recently,Heim
et al. (2008) used the combined pharmacological test of HPA func-
tioning (the dexamethasone/CRF challenge) with a sample of men
with andwithout childhoodmaltreatment and current depression.
Apattern of increased cortisol responsewas reported in the context
of a failure of the glucocorticoid-mediated negative feedback loop
to adequately control HPA activation (Heim et al., 2008). These
studies suggest that major depression subsequent to childhood
maltreatment is associated with inadequate inhibitory feedback
regulation of the HPA axis. We know from animal models that low
levels of maternal care are associated with reduced concentration
of glucocorticoid receptors in the hippocampus (Liu et al., 1997);
it is thus possible that a similar mechanism may account, at least
in part, for the observed changes in HPA regulation in humans
following maltreatment.
A parallel set of research studies has investigated PTSD in awide
range of populations including those with a prior history of mal-
treatment. Findings from this literature have been mixed at best
(Shea et al., 2004); however a recent systematic review and meta-
analysis supports the view that PTSD is associated with a general
pattern of hypocortisolism, with reduced cortisol levels, at least
in the afternoon (Meewisse et al., 2007). Furthermore, Meewisse
et al. (2007) highlight the relationship between lower cortisol lev-
els and PTSD in the context of physical and sexual forms of abuse.
These ﬁndings therefore indicate a possible distinct patterns of
adaptation across the two disorders, with HPA hypoactivity char-
acterizing those with maltreatment-related PTSD (Meewisse et al.,
2007) and hyperactivity of the HPA system characterizing mal-
treated individuals presenting with depression (e.g., Heim et al.,
2002). These differing patterns may in part reﬂect adaptations
of the HPA axis to different forms of maltreatment, different
periods of onset and chronicity, and differential genetic suscep-
tibility. Equally, methodological confounds may account for some
of the reported differences, including the frequently observed
comorbidity of depression and PTSD (Newport et al., 2004).
SUMMARY: STRESS SYSTEMS AND EARLY ADVERSITY
Early trauma, including physical, sexual, and emotional abuse is
associated with increased risk of psychopathology in childhood
and adulthood, as well as social and health problems (Gilbert et al.,
2009). There is persuasive evidence from human (and animal)
studies of a link between early stress and atypical HPA function-
ing. Speciﬁcally, it appears that childhood maltreatment may lead
to atypical responsiveness of the HPA axis to stress, which in turn
predisposes to psychiatric vulnerability in later life (van Goozen
and Fairchild, 2008). While there is general agreement around this
broad principle, the putative mechanisms of how dysregulation
of the HPA axis might mediate the link between stress and psy-
chopathology and the precise nature of any interaction remain
less clear (see Miller et al., 2007). It is possible that diminished
cortisol responsiveness (for example) may emerge if early chronic
stress leads to an initial hyper-activation of the HPA system which
then progresses over time to a state of hyporeactivity, as a form
Frontiers in Psychiatry | Child and Neurodevelopmental Psychiatry July 2011 | Volume 2 | Article 48 | 2
McCrory et al. Neurobiology, genetics, and childhood maltreatment
of adaptation following sustained exposure to ACTH (e.g., Fries
et al., 2005).
STRUCTURAL BRAIN DIFFERENCES ASSOCIATED WITH
MALTREATMENT
A growing body of research has investigated how stress, and specif-
ically different forms of childhood maltreatment, can inﬂuence
neural structure and function. These studies have employed both
children who have experienced maltreatment and adults report-
ing childhood histories of early adversity. In the following section
we ﬁrst consider those studies that have investigated differences in
brain structure, before considering the evidence from the smaller
number of studies that have investigated the impact on brain
function.
HIPPOCAMPUS
Children who have experienced maltreatment
A substantial body of animal research has shown that the hip-
pocampus plays a central role in learning and various aspects
of memory (Mizomuri et al., 2007) and that memory function
is impaired in animals that have been exposed to chronic stress
(McEwen,1999).DeBellis et al. (1999b)were theﬁrst to report that
maltreated childrenwithPTSDpresentedwith smaller intracranial
and cerebral volumes, smaller corpus callosum (CC) and larger
lateral ventricular volume compared to healthy, non-maltreated
children. It was notable that the expected decrease in hippocam-
pal volume, based on previous studies of adults with PTSDwas not
observed. Since that time, over 10 structural MRI (sMRI) studies
of children and adolescents with PTSD following maltreatment
have consistently failed to detect the adult pattern of lower hip-
pocampal volume (e.g., Carrion et al., 2001; Woon and Hedges,
2008; Jackowski et al., 2009; Mehta et al., 2009).
Adults who have experienced maltreatment as children
By contrast, with the exception of one study (Pederson et al.,
2004), reduced volume of the hippocampus has generally been
reported for adults who have experienced maltreatment as chil-
dren (Vythilingam et al., 2002; Vermetten et al., 2006; Woon and
Hedges, 2008). Two explanations have been proposed to account
for the discrepancy of child and adult ﬁndings (see Lupien et al.,
2009). The neurotoxicity hypothesis, based on data from both ani-
mal and human studies, postulates that stress-induced prolonged
exposure to glucocorticoids can lead to a reduction in hippocam-
pal cell complexity and even lead to cell death (e.g., Sapolsky et al.,
1990). Thus, it is possible that in humans, hippocampal volume
reduction may result from years or decades of PTSD or chronic
stress. In support of this hypothesis, (Carrion et al., 2007) in a lon-
gitudinal study reported that cortisol levels and PTSD symptoms
at baseline predicted the degree of hippocampal volume reduction
over an ensuing 12- to 18-month interval in 15maltreated children
with PTSD. Alternatively, the vulnerability hypothesis posits that a
smaller hippocampal volume in individuals with PTSD is not a
consequence of stress, but rather a predisposing risk factor for the
disorder present in some individuals prior to any traumatic expe-
rience (e.g., Gilbertson et al., 2002). Further longitudinal studies
and studies taking advantage of identical twins discordant for
maltreatment exposure are required to distinguish between these
competing accounts.
AMYGDALA
Children who have experienced maltreatment
The amygdala plays a key role in evaluating potentially threat-
ening information, fear conditioning, emotional processing, and
memory for emotional events (Phelps and LeDoux, 2005). In ani-
mal studies chronic stress has been shown to increase dendritic
arborization in the amygdala (e.g., Vyas et al., 2003). It would
therefore seem reasonable to predict that differences in amyg-
dala structure would be associated with childhood maltreatment
(Lupien et al., 2009). Until recently there was a consensus that chil-
dren with maltreatment-related PTSD did not differ in terms of
amygdala volume compared to non-maltreated children (Woon
and Hedges, 2008). However, two recent studies have reported
increased amygdala volumes in children and adolescents who
had experienced early institutionalization and subsequent adop-
tion. Mehta et al. (2009) reported greater amygdala volume in
14 adoptee adolescents who had experienced severe early insti-
tutional deprivation in Romania compared to a group of non-
deprived, non-adopted UK controls. Similarly (Tottenham et al.,
2010) reported greater amygdala volume in 17 mainly preadoles-
cent children who had been adopted out of an orphanage when
older that 15 months compared to non-adopted controls or early
adopted children.A signiﬁcant correlation is also reportedbetween
amygdala volume and age of adoption, suggesting that early and
extended exposure to institutionalized care may lead to atypical
development of limbic circuitry. It is noteworthy that the effects of
early adversity on the amygdala in these two studies were observed
even many years after the adversity had ceased, which is in line
with evidence from animal research (Lupien et al., 2009).
Adults who have experienced maltreatment as children
To date only three studies have examined amygdala volume in
adults with a history of childhood maltreatment; one found
reduced volume in female patients with dissociative identity disor-
der as compared to healthy females (Vermetten et al., 2006) while
the other two reported no measurable differences (Bremner et al.,
1997; Andersen et al., 2008). While it is too early to draw deﬁnitive
conclusions regarding impact of maltreatment on amygdala devel-
opment, these preliminary ﬁndings suggest that the amygdala is
vulnerable to early and severe stress in the context of parental loss
and institutionalization. However, it appears that less severe, time-
limited, and developmentally later exposure has a weaker impact
on amygdala volume.
CORPUS CALLOSUM AND OTHER WHITE MATTER TRACTS
Children who have experienced maltreatment
The CC is the largest white matter structure in the brain and
controls inter-hemispheric communication of a host of processes,
including, but not limited to, arousal, emotion, and higher cog-
nitive abilities (Kitterle, 1995; Giedd et al., 1996). Crucially, in
terms of development, nerve ﬁber connections passing though this
region are fully formed before birth with myelination continuing
throughout childhood and adulthood (Giedd et al., 1996; Teicher
et al., 2004). Teicher et al. (2004) have speculated that different
regions of the CC might have different windows of vulnerability
to early experience. With the exception of one study (Mehta et al.,
2009), decreases in CC volume (particularly middle and posterior
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regions) have consistently been reported in maltreated children
and adolescents compared to non-maltreated peers (De Bellis
et al., 1999b, 2002; De Bellis and Keshavan, 2003; Teicher et al.,
2004; Jackowski et al., 2008). Furthermore, preliminary evidence
suggests that these effects are characterized by sex-dependent dif-
ferences (De Bellis and Keshavan, 2003; Teicher et al., 2004). It
may be speculated that these structural abnormalities within the
CC may be associated with some of the emotional and cognitive
impairments that have been reported in maltreated individuals
(e.g., Pears et al., 2008).
A recent study that employed diffusion tensor imaging
(DTI) found decreased fractional anisotropy values (indicative of
decreased white matter ﬁber tracts coherence or lower density of
white matter ﬁber tracts) in maltreated children in frontal and
temporal white matter regions, as compared to non-maltreated
children (Govindan et al., 2010). Similar to an earlier DTI study in
maltreated children (Eluvathingal et al., 2006), group differences
were also observed in the uncinate fasciculus, which connects the
orbitofrontal cortex (OFC) to the anterior temporal lobe, includ-
ing the amygdala (Govindan et al., 2010). Interestingly, the reduc-
tion in fractional anisotropy observed by Govindan and colleagues
was associated with longer periods within an orphanage and
may partly underpin some of the cognitive and socioemotional
impairments associated with early severe deprivation.
Adults who have experienced maltreatment as children
A study of adult females with maltreatment-related PTSD has
also reported smaller area of the posterior midbody of the CC
as compared to healthy controls (Kitayama et al., 2007). More
recently, a recent DTI study in a non-clinical sample examined
the effects of severe parental verbal abuse (e.g., ridicule, humilia-
tion, and disdain) on brain connectivity; three white matter tracts
were reported to show reduced fractional anisotropy (Choi et al.,
2009). Again, the researchers hypothesized that these abnormali-
ties may underlie some of the language and emotional regulation
difﬁculties seen in victims of childhood maltreatment.
PREFRONTAL CORTEX
Children who have experienced maltreatment
The prefrontal cortex (PFC) is extensively interconnected with
other cortical and subcortical regions consistent with its major
role in the control of many aspects of behavior, cognition, and
emotion regulation (Fuster, 1997; Davidson et al., 2000; Miller
and Cohen, 2001). There are mixed ﬁndings from studies com-
paring PFC volume of children with maltreatment-related PTSD
and non-maltreated children. One study reported no group differ-
ence (De Bellis et al., 1999b), but another found smaller prefrontal
volume and prefrontal white matter (De Bellis et al., 2002) in the
maltreated group, while the two most recent studies – one using
voxel-based morphometry (VBM; provides a measure of regional
volume differences by analyzing spatially normalized brain seg-
ments on a voxel-wise basis) investigating PTSD – observed larger
gray matter volume of the middle-inferior and ventral regions of
the PFC in the clinical groups (Richert et al., 2006; Carrion et al.,
2009).
Tensor-based morphometry (TBM) provides a measure of
regional volume by examining regional shape differences via
analyses of the deformation ﬁelds. A recent study used TBM to
compare 31 children with documented histories of physical abuse
without PTSD to 41 non-abused children matched for age, puber-
tal stage, and gender (Hanson et al., 2010). One of the largest
reported differences was observed in the right OFC. The abused
group were found to have signiﬁcantly smaller brain volumes in
this region, differences which in turn correlated with poorer social
functioning.Given that theOFC is known toplay a key role in emo-
tion and social regulation, the authors suggest that these alterations
in OFC structure may partly represent the biological mechanism
linking early social learning to later behavioral outcomes. How-
ever, we know that cortical thickness of the OFC is susceptible to
thinning following prenatal exposure to maternal cigaret smoking
and to drug taking, risk factors likely to characterize a proportion
of those in a maltreated sample (Lotﬁpour et al., 2009). Further
research will be necessary to tease apart possible risk factors that
may inﬂuence structural development of this region.
A lack of consistency regarding observed structural differences
in the PFC may relate to methodological differences, sample dif-
ferences in age range of participants, variation in maltreatment
type and chronicity, and a focus on different regions within the
PFC. In addition, while it is likely that there are speciﬁc win-
dows of vulnerability in brain development, we know little about
how maltreatment at different points in development impacts dif-
ferent brain regions. In a unique cross-sectional study, Andersen
et al. (2008) found that gray matter volume of the frontal cortex
was maximally affected by abuse at ages 14–16 years, while the
hippocampus and CC were maximally affected at ages 3–5 and
9–10 years respectively, indicating that the frontal cortex in this
sample was particularly susceptible to structural change follow-
ing abuse during the adolescent period. Further work exploring
how regional brain differences may emerge depending on the
timing of maltreatment is essential if we are to formulate a devel-
opmentally informed picture of the impact of such adversity on
neurobiological development.
Adults who have experienced maltreatment as children
In contrast to the studies on maltreated children, decreased PFC
volume in adults with a history of childhood maltreatment has
been a consistent ﬁnding. For example, in a non-clinical sample,
Tomoda et al. (2009) found that harsh childhood corporal pun-
ishment was associated with reduced gray matter volume in the
left dorsolateral PFC and the right medial PFC, two brain regions
central to higher cognitive processing, such as working memory
and to aspects of social cognition, respectively (Miller and Cohen,
2001;Amodio and Frith, 2006). In another study, in comparison to
healthy individuals, patients with major depressive disorder who
reported a history of childhood maltreatment exhibited reduced
volume of the rostral anterior cingulate cortex (ACC), which was
negatively correlated with both cortisol levels and maltreatment
severity (Treadway et al., 2009). Despite important limitations
(such as the lack of information on the age of onset and duration
of maltreatment) this study suggests that the rostral ACC, like the
hippocampus, might be vulnerable to prolonged glucocorticoid
exposure resulting from chronic stress,which in turn may decrease
its ability to exert negative feedback control over HPA regulation
(Treadway et al., 2009). Finally, a recent study compared healthy
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controls and patients with depression and/or anxiety disorders
reporting childhood emotional maltreatment before age 16 to a
group composed of healthy controls and patients who reported no
childhood abuse (vanHarmelen et al., 2010). The authors reported
that emotional abuse was associated with a reduction in left dor-
sal medial PFC, even in the absence of physical or sexual abuse
in childhood. Crucially, this group difference was independent of
gender and could not be attributed to current psychopathology,
which support the idea that the observed brain differences might
be associated with the experience of maltreatment.
SUMMARY: STRUCTURAL BRAIN DIFFERENCES ASSOCIATED WITH
MALTREATMENT
The ﬁndings from the structural studies reviewed above are sum-
marized in Table 1. It is clear that there is relatively consistent
evidence for reduced CC volume in children and adults who
have experienced adversity, some evidence of greater amygdala
volume in late-adopted previously institutionalized children, and
a relatively clear pattern of normal hippocampal volume during
childhood, which contrasts with the consistent ﬁnding of reduced
hippocampal volume seen in adults with histories of abuse. It has
recently been suggested that variations in developmental timing
and age of measurement may partly account for the observed vari-
ability in the ﬁndings for structural differences in the amygdala
and hippocampus (Tottenham and Sheridan, 2010). The struc-
tural ﬁndings are more mixed for the PFC in maltreated children,
but there is a consistent pattern of decreased PFC volume among
adultswith childhoodhistories of maltreatment.However, a recent
ﬁnding highlights that structural differences in the OFC may be
linked to degree of social difﬁculty in physically abused children
even in the absence of PTSD (Hanson et al., 2010).
FUNCTIONAL BRAIN DIFFERENCES ASSOCIATED WITH
MALTREATMENT
CHILDRENWHO HAVE EXPERIENCED MALTREATMENT
In contrast to the research examining structural brain differences
associated with maltreatment, there are as yet relatively few that
have used functional MRI (fMRI). To date, only ﬁve fMRI stud-
ies have investigated children exposed to early adversity, and only
two from the same research group have recruited children who
have experienced maltreatment. These studies by Carrion and col-
leagues investigated cognitively orientedprocesses. Theﬁrst,which
compared youths with post-traumatic stress symptoms (PTSS)
secondary to maltreatment (i.e., trauma related to physical and
sexual abuse and exposure to violence) with healthy controls,
investigated response inhibition (Carrion et al., 2008). Increased
activation in the ACC was reported in maltreated participants as
compared to controls. This result is consistent with a model in
which impaired cognitive control arises in the context of height-
ened subcortical reactivity to negative affect,potentially conferring
an increased risk for psychopathology (Mueller et al., 2010). The
second study used a verbal declarative memory task and compared
youthswithPTSS secondary tomaltreatmentwith healthy controls
(Carrion et al., 2010). During the retrieval component of the task,
the youths with PTSS exhibited reduced right hippocampal activ-
ity, which was associated with greater severity of avoidance and
numbing symptoms.
Three other fMRI studies have investigated the impact of early
institutionalization.Using an emotional face processing paradigm,
children exposed to such adversity were found to exhibit increased
amygdala response to threatening facial cues (Maheu et al., 2010;
Tottenham et al., 2011). It is not yet clear if these ﬁndings of
atypical emotional processing generalize to children who have
experienced maltreatment, such as physical, sexual, and emotional
abuse. Another study assessed response inhibition and observed
increased activation in the ACC in previously institutionalized
children as compared to controls (Mueller et al., 2010).
While the main strength of fMRI is its good spatial resolu-
tion in relation to brain activity, event-related potentials (ERP)
record the brain’s electrical activity and yield detailed information
about the temporal sequence (resolution in milliseconds) of cog-
nitive operations throughout the brain (i.e.,mental chronometry).
Much of the existing ERP research has compared the pattern of
brain response of maltreated children and healthy children when
processing facial expressions, an ability that is usually mastered by
the preschool years (Izard and Harris, 1995). When compared
with never institutionalized children, institutionalized children
who have experienced severe social deprivation show a pattern
of cortical hypoactivation when viewing emotional facial expres-
sions (Parker and Nelson, 2005), and familiar and unfamiliar faces
(Parker et al., 2005). A second set of important studies by Pollak
and colleagues has demonstrated that school-aged children who
had been exposed to physical abuse allocate more attention to
angry faces (Pollak et al., 1997, 2001) and require more attentional
resources to disengage from such stimuli (Pollak and Tolley-Schell,
2003) leading to problems with emotional regulation that may
predispose to anxiety (Shackman et al., 2007). Findings consistent
with this pattern have also been obtained with toddlers who expe-
riencedmaltreatment in their ﬁrst year of life (Cicchetti andCurtis,
2005). It appears therefore that some maltreated children allocate
more resources and remain hyper-vigilant to social threat cues in
their environment, potentially at the cost of other developmental
processes.
ADULTS WHO HAVE EXPERIENCED MALTREATMENT AS CHILDREN
Three fMRI studies using a range of paradigms have compared
adults with a history of childhood maltreatment to adults without
such a history. Using a ﬂanker task with face stimuli, Grant et al.
(2011) observed a robust positive correlation between physical
abuse and right amygdala response to sad faces in sample including
20 patients with depression and 16 healthy controls. Importantly,
group differences indicated that heightened amygdala response to
sad faces was not a characteristic of individuals with depression,
but rather of those with a signiﬁcant history of maltreatment.
This pattern of amygdala response to negative faces is consistent
with that observed in maltreated children in the studies reviewed
above. Dillon et al. (2009) recently investigated reward process-
ing using a monetary incentive delay task and found that adults
with a history of childhood maltreatment, relative to peers with no
history of adversity, reported higher depressive symptoms, rated
reward-predicting cues as less positive, and exhibited a blunted
brain response to reward cues in the left pallidus. According to
the authors, this result suggests a possible link between childhood
adversity and later depressive psychopathology. Given the overlap
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Table 1 | Structural magnetic resonance brain imaging studies comparing maltreated to non-maltreated individuals.
Brain
regions
Studies# ED Mean age
years
Sample Summary of results
HIPP De Bellis et al. (1999b) No 12.1 44MP vs. 61 NM n.s.
Carrion et al. (2001) No 11.0 24MP vs. 24 NM n.s.
Mehta et al. (2009) Yes 16.1 14 M vs. 11 NM n.s.
Carrion et al. (2007) No 10.4 15MP Cortisol levels and PTSD symptoms predicted the degree
of hippocampal volume reduction
Pederson et al. (2004) No 25.1 17MP vs. 17 M vs. 17 NM n.s.
Vythilingam et al. (2002) No 31.3 21 MD vs. 11 DEP vs. 14 NM MD<DEP=NM, left hippocampus, right hippocampus:
n.s.
Vermetten et al. (2006) No 38.7 15 MDI vs. 23 NM M<NM, left and right hippocampus
AMY Mehta et al. (2009) Yes 16.1 14 M vs. 11 NM M>NM, right amygdala, left amygdala: trend
Tottenham et al. (2010) Yes 9.0 34 M vs. 26 NM M>NM, but only for those adopted after 15months of
age (n=17)
Vermetten et al. (2006) No 38.7 15 MDI vs. 23 NM M<NM, left and right amygdala
Bremner et al. (1997) No 41.3 17MP vs. 17 NM n.s.
Andersen et al. (2008) No 19.7 26 M vs. 17 NM n.s.
CC/WM Mehta et al. (2009) Yes 16.1 14 M vs. 11 NM n.s.
De Bellis et al. (1999b) No 12.1 44MP vs. 61 NM M<NM
De Bellis et al. (2002) No 11.5 28MP vs. 66 NM M<NM
De Bellis and Keshavan (2003) No 67MP vs. 122 NM M<NM
Teicher et al. (2004) No 12.4 51 M vs. 115 NM M<NM
Jackowski et al. (2008) No 10.6 17MP vs. 15 NM M<NM
Govindan et al. (2010) Yes 11.3 17 M vs. 15 NM M<NM, FA values in left/right UF, left/right SLF, left/right
AF
Eluvathingal et al. (2006) Yes 10.2 7 M vs. 7 NM M<NM, FA values in left uncinate fasciculus
Kitayama et al. (2007) No 37.3 9MP vs. 9 NM M<NM, area of the posterior midbody of the corpus
callosum
Choi et al. (2009) No 21.5 16 M vs. 16 NM M<NM, FA values in left arcuate fasciculus, left cingulum
bundle, left body of the fornix
PFC De Bellis et al. (1999b) No 12.1 44MP vs. 61 NM n.s.
De Bellis et al. (2002) No 11.5 28MP vs. 66 NM M<NM, PFC volume and PFC white matter
Richert et al. (2006) No 11.0 23MP vs. 23 NM M>NM, GMV in the middle-inferior and ventral regions of
the PFC
Carrion et al. (2009)* No 11.0 24MP vs. 24 NM Manual tracing: M>NM, GMV inleft/right/superior/inferior
regions of the PFC; VBM: M>NM, volume of ventral PFC
Hanson et al. (2010)** No 11.9 31 M vs. 41NM M<NM, orbitofrontal cortex GMV, which correlated neg-
atively with social functioning difﬁculties
Tomoda et al. (2009)* No 21.7 23 M vs. 22 NM M<NM, gray matter volume in the left dorsolateral PFC
and the right medial PFC
Treadway et al. (2009)* No 32.8 19 MD vs. 19 NM M<NM, reduced volume of the rostral ACC
van Harmelen et al. (2010)* No 37.6 84 M vs. 97 NM M<NM, left dorsal medial PFC
ACC, anterior cingulate cortex; AF, arcuate fasciculus; AMY, Amygdala; CC, corpus callosum; DEP, depression; ED, early deprivation; GMV, gray matter volume; HIPP,
hippocampus; M, maltreated; MD, maltreated with depression; MDI, maltreated with dissociation; MP, maltreated with PTSD/PTSD symptomatology; NM, non-
maltreated; n.s., not statistically signiﬁcant; PFC, prefrontal cortex; PTSD, post-traumatic stress disorder; SLF, superior longitudinal fasciculus; UF, uncinate fasciculus;
VBM, voxel-based morphometry;WM, white matter.
#All the studies used manual tracing to deﬁne their region of interest except: * Voxel-based morphometry; **Tensor-based morphometry.
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between the brain regions previously identiﬁed in sMRI studies
in maltreated populations and the projection area of the olfactory
system, such as the amygdala, OFC, and hippocampus, Croy et al.
(2010) compared neural response to neutral and pleasant olfac-
tory stimulation between female patients from a psychosomatic
clinic with (n= 12) and without (n= 10) a history of childhood
abuse. Results indicated that, despite similar group ratings for
hedonic and intensity values of the stimuli and normal neural
activation in olfactory projection areas, patients with a history of
childhood maltreatment displayed increased activation in the pos-
terior cingulate cortex and decreased activation in the subgenual
ACC, possibly indicative of altered processing of non-traumatic
stimuli.
SUMMARY: FUNCTIONAL BRAIN DIFFERENCES ASSOCIATED WITH
MALTREATMENT
Studies of adults using fMRI suggest that the experience of mal-
treatment may be associated with hyperactivity of the amygdala
in response to negative facial affect; such an effect has also been
reported in children who have experienced early institutionaliza-
tion. Studies of maltreated children that have examined response
inhibition have observed increased activity in the ACC. The ﬁnd-
ings from these fMRI studies of children and adults are summa-
rized in Table 2. ERP studies have found increased responses
to angry faces in prefrontal regions consistent with increased
attentional monitoring for social threat.
THE GENETICS OF RESILIENCE AND VULNERABILITY
DO GENETIC DIFFERENCES ACCOUNT FOR INDIVIDUAL DIFFERENCES
IN RESILIENCE AND VULNERABILITY?
Many recent studies have measured the biological impact of envi-
ronmental adversity by taking into account genetic differences that
may constrain the stress response and increase the likelihood of
resilience vs. vulnerability following maltreatment (Mofﬁtt et al.,
2005). Twin and adoption studies have demonstrated that many
of the psychiatric outcomes that are associated with maltreatment,
such as PTSD, depression, and antisocial behavior, are partly heri-
table (e.g., Sullivan et al., 2000; Rhee and Waldman, 2002; Koenen
et al., 2008). In other words, individual differences in susceptibility
to these disorders are partly driven by genetic inﬂuences. Despite
demonstrable heritable inﬂuences, it is not the case that there are
genes for PTSD, depression, or antisocial behavior. Rather, there
are genetic variants each adding a small increment to the proba-
bility that someone may develop or be protected from developing
a psychiatric disorder (Plomin et al., 1994). It is believed that these
genetic variants act across the lifespan by biasing the functioning
of several brain and hormonal circuits, which mediate the body’s
response to stress (Viding et al., 2006).
For example, linkage and association studies have impli-
cated variants within several genes, such as monoamine oxidase-
A (MAOA), Brain-Derived Neurotrophic Factor (BDNF), sero-
tonin transporter (5-HTT), and catechol-O-methyl transferase
(COMT) in the etiology of PTSD, depression, and antisocial
behavior (e.g., Craig, 2007; Feder et al., 2009). Several issues
should be borne in mind when considering these genetic ﬁnd-
ings. Firstly, for every study reporting a positive association
between a gene and a disorder there seem to be an equal or
larger number of negative ﬁndings. This is not surprising. Given
the assumed small main effect of any single gene on behavioral
outcome, the reliable detection of a main effect will require a
degree of statistical power that is beyond most existing stud-
ies. Secondly, although the genes inﬂuencing stress reactivity
are likely to act in an additive manner, gene–gene interactions
have also been reported to drive individual differences in stress
reactivity; for example, carrying two risk-associated gene vari-
ants may confer a greater level of vulnerability to stress reac-
tivity compared to the combined risk conferred by each sepa-
rately (e.g., Kaufman et al., 2006). Thirdly, several GxE interac-
tion studies have demonstrated that in addition to conferring
vulnerability to environmental adversity, genetic make-up can
Table 2 | Functional magnetic resonance brain imaging studies comparing maltreated to non-maltreated individuals.
Studies ED Mean age years Sample Task Summary of results
Maheu et al. (2010) Yes 13.6 11 M vs. 19 NM FP M>NM, left amygdala in response to fearful and angry faces,
right amygdala: n.s.
Tottenham et al. (2011) Yes 10.1 22 M vs.22 NM FP M>NM, in left and right amygdala in response to fearful faces
Carrion et al. (2008) No 13.5 16MP vs.16 NM GNG M>NM, in left and right ACC when in contrast no-go minus go
trials
Mueller et al. (2010) Yes 13.0 12 M vs. 21 NM STOP M>NM, in left and right ACC when contrast correct change
minus correct go
Carrion et al. (2010) No 13.9 16MP vs. 11 NM VDM M<NM, right HIPP activity negatively correlatedwith symptoms
severity, left HIPP: n.s.
Grant et al. (2011) No 32.8 10 MD vs. 10 M
vs. 16 NM
FTF M>MD=NM, in right amygdala response to sad faces, left
amygdala: n.s.
Dillon et al. (2009) No 30.8 13 M vs. 21 NM R/L-P M<NM, blunted brain response to reward cues in the left
pallidus
Croy et al. (2010) No 39.9 12 M vs. 10 NM OS M>NM, increased activation in posterior cingulate cortex and
decreased activation in subgenual ACC
ACC, anterior cingulate cortex; ED, early deprivation; FP, face processing; FTF, Flanker task with face stimuli; GNG=Go/No-go; M, maltreated; MD, maltreated with
depression; MP, maltreated with PTSD/PTSD symptomatology; NM, non-maltreated; R/L-P, reward/loss processing; STOP, stop task; VDM, verbal declarative memory.
www.frontiersin.org July 2011 | Volume 2 | Article 48 | 7
McCrory et al. Neurobiology, genetics, and childhood maltreatment
also denote resilience. Finally, the vulnerability effects exerted
by the genes do not appear to be disorder speciﬁc. In other
words, the same risk genes are often implicated in the etiol-
ogy of several disorders associated with maltreatment/adversity.
For example, 5-HTT has been associated with PTSD, depression,
and antisocial behavior (e.g., Cicchetti et al., 2007; Feder et al.,
2009).
THE INTERACTION OF GENES AND ENVIRONMENT IN CONFERRING
RISK OR RESILIENCE
There is intuitive appeal of a biologically driven predisposition
(genes) interacting with environmental factors to produce an indi-
vidual’s phenotype (i.e., the classic notion put forward by the
stress-diathesis model). GxE research has taken off in recent years
following the ﬁrst seminal reports of gene–environment inter-
action by Caspi et al. (2002). Much of this work has focused
on outcomes of early stress and maltreatment as a function
of genotype. Caspi et al. (2002) were the ﬁrst to report on
an interaction of a measured genotype (MAOA) and environ-
ment (maltreatment) for a psychiatric outcome and demon-
strated that individuals who are carriers of the low activity allele
(MAOA-l), but not of the high activity allele (MAOA-H), are
at an increased risk for antisocial behavior disorders following
maltreatment.
This ﬁnding has since been replicated by several other research
groups (see Taylor and Kim-Cohen, 2007; Weder et al., 2009)
and imaging genetic studies have found that the risk, MAOA-
l, genotype is related to hyper-responsivity of the brain’s threat
detection system and reduced activation in emotion regulation
circuits, as well as to structural differences (in males) in key regu-
latory regions, such as OFC (Meyer-Lindenberg et al., 2006). This
work suggests that amechanismbywhichMAOAgenotype engen-
ders vulnerability to (reactive) aggression following maltreatment
may include increased and poorly regulated neural reactivity to
threat cues in the environment (Viding and Frith, 2006).
These studies suggest that genotypes potentially serve as predic-
tors of both risk and resilience for adult psychiatric outcomes for
peoplewhohave survived childhoodmaltreatment and abuse.GxE
research has also suggested that positive environmental inﬂuences,
such as social support, can buffer genetic and environmental risk
for psychopathology andpromote resiliency. Kaufman et al. (2006)
demonstrated that children with genetic vulnerability (BDNF met
allele and two 5-HTT short alleles) and environmental risk (mal-
treatment) were less likely to develop depression if they had social
support. This ﬁnding illustrates the importance of considering
positive environmental inﬂuences (such as contact with a sup-
portive attachment ﬁgure) and how these may be protective even
in the context of genetic vulnerability.
EPIGENETICS AND THE IMPACT OF EARLY REARING ENVIRONMENT
The risk effects of a gene may never manifest if that gene is
not actually expressed. The regulation of gene expression has
been proposed as a potential molecular mechanism that can
mediate maladaptations (vulnerability) as well as adaptations
(resilience) in the brain (Tsankova et al., 2007). These “epigenetic”
mechanisms refer to complex processes by which environmental
inﬂuences can serve to regulate gene activity without altering the
underlying DNA sequence. We now know that epigenetic reg-
ulation is a candidate mechanism through which care-giving
behaviors, at least in animals, may produce long-lasting effects
on HPA activity and neuronal function (e.g., Weaver et al., 2004).
In other words, epigenetic modiﬁcation of gene expression may
help explain the link between a set of maternal behaviors (high
licking and grooming of rat pups early in life) and more modest
HPA responses to stress (Weaver et al., 2004). One striking ﬁnding
from this work is that cross-fostering can reverse the epigenetic
methylation changes associated with less attentive maternal care
highlighting the ongoing importance of environmental inﬂuences
(both positive and negative) in shaping the stress response at the
biological level. Such reversibility has important implications for
intervention.
A recent animal study investigating epigenetic effects of mal-
treatment employed a rodent model in which infant rats were
exposed to stressed caretakers that showed abusive behaviors (Roth
et al., 2009). It was reported that early maltreatment produced
persisting changes in methylation of BDNF DNA. Critically, the
methylation changes altered BDNF gene expression in the adult
PFC and hippocampus. This ﬁnding is of particular interest as it
documents “epigenetic” effects of maltreatment in brain areas that
are known to be both structurally and functionally altered in adults
following maltreatment. Roth et al. (2009) also observed altered
BDNF DNA methylation in the offspring of these females that had
previously been exposed to maltreatment as pups. This suggests
the possibility of a trans-generational transmission of changes in
gene expression and behavior associated with early maltreatment,
even in a new generation of animals who had not been exposed to
such environmental stressors.
We know of only few human epigenetic studies that have
assessed the effects of maltreatment on gene expression.McGowan
et al. (2009) observed differences in epigenetic regulation of hip-
pocampal glucocorticoid receptor expression (including increased
cytosine methylation of an NR3C1 promoter) in suicide victims
with a history of childhood abuse, as compared with either sui-
cide victimswith no childhood abuse or controls. Interestingly, the
epigenetic effects observed in the childhood abuse victims of this
human study were comparable to the effects observed for the rats
with low licking and grooming and reduced arched back nursing
mothers (Weaver et al., 2004). Another recent study suggested that
long-lasting changes inmethylationof the 5-HTTpromoter region
could explain some of the association between childhood sexual
abuse and symptoms of antisocial personality disorder in women
(Beach et al., 2011). To our knowledge, no studies have looked
at how baseline genotype differences may limit the extent and
nature of epigenetic changes following maltreatment to provide
a more mechanistic understanding of maltreatment GxE interac-
tions. Finally, it should be noted that epigenetic processes, such
as DNA methylation, regulate tissue speciﬁc gene expression. One
consequence for human research is that this limits our ability to
directly characterize epigenetic modiﬁcation of neural structures
or central tissues implicated in stress regulation. This is in con-
trast to rodent models where it is possible to assay tissue from
cortical structures (e.g., Roth et al., 2009). While researchers have
attempted to circumvent this limitation by using post-mortem
tissue, this severely constrains the potential of further research in
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humans. It should be possible, however, to establish the association
between patterns of epigenetic modiﬁcation of accessible tissues,
such as T cells in the blood or cells from buccal cheek swabs and
speciﬁc developmental experiences, such as maltreatment. There
is increasing evidence that measuring epigenetic changes longitu-
dinally using such cells can provide meaningful information with
regard to pathophysiology (e.g., Mill, 2011).
SUMMARY: GENETICS OF RESILIENCE AND VULNERABILITY
There are genetic inﬂuences on individual differences in the
psychiatric outcomes associated with maltreatment. Recent GxE
interaction studies suggest that certain polymorphismsmay confer
vulnerability or resilience tomaltreatment, for example in terms of
later levels of PTSD,depression, or antisocial behavior. Epigenetics
is providing an exciting new avenue of research that aims to under-
stand the mechanisms by which gene expression is inﬂuenced by
exposure to environmental stressors and protective factors.
LIMITATIONS OF CURRENT RESEARCH
It is important to highlight several limitations that characterize
many of the research studies investigating maltreatment. Firstly,
all, but one (Carrion et al., 2007) of the brain imaging studies
included in this review are cross-sectional, therefore no conclu-
sions can be made on the causal effect of maltreatment on the
brain; indeed it is possible (albeit unlikely) that the reported brain
differences might represent a risk factor for exposure to maltreat-
ment that in turn increases the risk of developingpsychopathology.
Secondly, the studies on adult samples have all relied on subjective
retrospective reporting of maltreatment, which is liable to errors
in recall that may reduce the reliability and validity of the data col-
lected. Thirdly, researchers in the ﬁeld have struggled to recruit and
assess samples of children and adults that are readily comparable.
Samples labeled “maltreated” have often been highly heteroge-
neous, drawn from different contexts (e.g., residential settings vs.
home environments) and have been characterized by very differ-
ent maltreatment histories. There is an increasing recognition of
the need to improve the construct validity of measures that assess
maltreatment type (Herrenkohl and Herrenkohl, 2009) as well as
improve our accuracy in gaging maltreatment severity (Litrownik
et al., 2005). If ﬁndings across studies are to be meaningfully
compared, future studies need to meet the challenge of becoming
more systematic in delineating maltreatment type, chronicity, fre-
quency, and even perpetrator identity in their samples. There are
some notable exceptions where researchers are already working to
address these challenges (e.g., Andersen et al., 2008; Cicchetti and
Rogosch, 2001). Fourthly, as noted earlier, many studies of adults
and children have tended to recruit individuals with PTSD, partic-
ularly studies assessing structural brain differences. This approach
makes it difﬁcult to tease apart effects unique to maltreatment
experience and current psychopathology. However, there now are
a number of new studies that have recruited children who have
experienced maltreatment but who do not present with PTSD
(e.g., Hanson et al., 2010). Finally, it is worth noting the relatively
small sample sizes that have characterized some of the studies
reviewed here, particularly in several neuroimaging studies. There
are undoubtedly real practical barriers that make recruiting such
samples of children difﬁcult, but larger samples would certainly
improve statistical power, and allow us to better understand indi-
vidual differences. These limitations should act to caution any
strong conclusions regarding the neurobiological developmental
trajectories of children experiencing maltreatment.
CLINICAL IMPLICATIONS
There is good evidence that early adversity in the form of child-
hoodmaltreatment is associatedwith poor outcome across a range
of domains; in our view the evidence reviewed here suggests that
this association is likely to be reﬂected, at least in part, at the
neurobiological level. Speciﬁcally it appears that an early hostile
environment contributes to stress-induced changes in the child’s
neurobiological systems thatmaybe adaptive in the short-termbut
which reap long-term costs. These costs can be conceptualized at
both the biological and psychological level. At the biological level
we know from animal and human studies that chronic exposure to
early stress is associatedwith atypical levels of stress hormones that
may have an effect on the structure and function of the neurobio-
logical systems that underpin social and psychological functioning
(e.g., Arborelius et al., 1999; McEwen and Gianaros, 2010). At the
psychological level it is possible that attentional and emotional sys-
tems adapt, such that they may become more effective in detecting
and processing social threat but less able to successfully negotiate
other aspects of social interaction (Pollak, 2008). One might spec-
ulate that these psychological changes ultimately become manifest
as clinical symptoms in some children, for example as attentional
difﬁculties or in the form of reactive aggression.
While neurobiological and genetic research has genuine long-
term potential to inform clinical practice (Cicchetti and Gunnar,
2008; McCrory et al., 2010), it has already contributed to a broad-
ening of our developmental narrative when thinking about how
disruption to early caregiving can impact on a child’s psycholog-
ical and emotional development. Research at the neuroendocrine
level – that has documented changes in the functioning of the
HPA axis in children and adults who have experienced maltreat-
ment – is probably the most advanced in this regard. Maternal
behavior, for example, has been shown to be predictive of how
well very young infants respond to everyday stressors: infants
with mothers demonstrating higher quality maternal behavior,
including greater sensitivity, show lower cortisol responses (Albers
et al., 2008). Similarly, attachment security has been found to be
associated with a child’s pattern of stress reactivity to novel and
stressful environments, such as entering child care for the ﬁrst time
(Ahnert et al., 2004). In securely attached infants the presence of
their mother serves a stress protective function, indicated by lower
levels of cortisol production when adapting to a novel environ-
ment; this contrasts with higher levels of cortisol production in
insecurely attached infants (Ahnert et al., 2004). Such variation
in normative samples illustrates how sensitively the neurobiolog-
ical system is calibrated by the behavior of the caregiver who is
tasked both with creating a safe micro-environment for the child
and with helping the child regulate their own emotional states.
In other words, patterns of sensitive, responsive, and attentive
caregiving provides an external mechanism that can help regu-
late glucocorticoid and other stress responses (Nachmias et al.,
1996;Gunnar andDonzella, 2002). This reviewhas highlighted the
consequences of maltreatment where such scaffolding is markedly
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absent and a child is forced to regulate their own levels of stress
and/or manage heightened levels of negative affect in the environ-
ment. Sadly, in some cases it is the caregiver themselves who may
be the source of stress for the child. As we have seen, this may lead
to developmental adaptation of the HPA axis with psychological
and biological consequences that increase long-term vulnerability
for psychopathology (Gunnar and Cheatham, 2003).
A greater understanding of how the quality of caregiving can
alter a child’s stress reactivity has prompted several studies where
the effectiveness of an intervention has been partly evaluated by
assessing a child’s cortisol reactivity under mild stress. Dozier et al.
(2006a,b), for example, have investigated patterns of cortisol reac-
tivity in children following an attachment-based intervention for
foster parents. Children whose foster parents received this inter-
vention essentially showed a normalization of cortisol responses
to a social stressor (Dozier et al., 2008), demonstrating that clini-
cal interventions may have the capacity to help recalibrate a child’s
stress reactivity.
While these studies investigating the relationship between
indices of a child’s HPA axis functioning and parenting have clear
clinical relevance, the ﬁeld of brain imaging lags somewhat behind
in this regard. As yet, there is limited scope for explicit implica-
tions to be drawn from existing brain imaging research. Arguably
there are several reasons what this is the case. Firstly, struc-
tural brain imaging studies have generally not aimed to explore
the functional signiﬁcance of observed brain differences in mal-
treated and non-maltreated children. Rather the interpretation of
an observed difference is generally made in the context of our
existing neurocognitive framework regarding the function of a
given region. For many brain regions such a framework remains
sparsely delineated, particularly within child samples. There have
been a number of notable exceptions to this rule. In a recent study,
Hanson et al. (2010) investigated not only structural differences
in a region implicated in social functioning (the OFC) but investi-
gated whether such differences were associated with impairments
in actual social functioning of the children who participated in
the study. Establishing brain–behavior correlations in this way
is an important advance in building a more clinically relevant
framework within which structural brain imaging ﬁndings can be
meaningfully interpreted. Ultimately these correlational studies
need to be complemented by longitudinal as well as by interven-
tion studies that will allow changes in the child’s environment and
behavior to be measured alongside changes in brain structure and
function. Such an approach is necessary if we are to begin to make
even tentative inferences regarding causality.
Secondly our ability to draw clinical implications is constrained
by our limited understanding of howneurobiological sensitivity to
stress varies across development. This issue is not straightforward
for the simple fact that brain areas are characterized by regional
variation in rates of maturation; in other words, different brain
regions develop at different rates (Gogtay et al., 2004). Therefore
a given brain region may be more or less susceptible to the impact
of maltreatment at a given stage in development. The consequence
of this for researchers is that the same experience may lead to dif-
ferent patterns of brain abnormality depending on when a child
is exposed to a given traumatogenic event. Andersen et al. (2008),
who employed an innovative cross-sectional design, have reported
preliminary evidence for this phenomenon. They aimed to inves-
tigate whether the experience of sexual abuse at different ages
had speciﬁc effects in terms of regional brain volume. Twenty-
six young women aged between 18 and 24 who had experienced
repeated episodes of childhood sexual abuse were compared with
non-abused controls. The authors reported that hippocampal vol-
ume was reduced in association with childhood sexual abuse at
ages 3–5 years and ages 11–13 years; CC volume was reduced with
childhood sexual abuse at ages 9–10 years, and frontal cortex vol-
ume was reduced in subjects with childhood sexual abuse at ages
14–16 years. The authors concluded that different brain regions
are likely to have unique windows of vulnerability to the effects
of traumatic stress. This study highlights the possibility that the
same maltreatment experience (in this case, sexual abuse) may
have very different effects on brain structure depending on the age
at which the abuse was experienced. It might be conjectured that
these windows of vulnerability would be differentially susceptible
to different forms of traumatic stress or maltreatment; however,
further research is required to support such a hypothesis.
For most clinicians, a third limitation of the existing brain
imaging literature pertains to the populations of children investi-
gated. As noted earlier,many of the structural studies have focused
on children presenting with clinically diagnosed PTSD, making it
difﬁcult to identify the speciﬁc correlates that are uniquely asso-
ciated with maltreatment as opposed to those that might reﬂect
predisposition to PTSD. To date the two fMRI studies of emotional
processing have recruited children who have experienced early
institutionalization and subsequent adoption. These children,who
have experienced a diverse range of early stressors – most of which
are undocumented – are very unlikely to be representative of the
community samples typically referred to social services. Commu-
nity based familial maltreatment, including physical, sexual, and
emotional abuse as well as neglect and domestic violence charac-
terize the majority who present to mental health clinics. These are
not rare experiences, with 896,000 cases of substantiated maltreat-
ment in the USA alone during 2005 (U.S. Department of Health
and Human Services, Administration on Children, Youth, and
Families, 2007). Despite this, we know almost nothing about the
functional neural correlates of such experiences in these children,
which limits our ability to make clinically informed inferences.
Recent years have increased our understanding of gene–
environment interactions that may increase the likelihood of
psychopathology in children exposed to maltreatment. From a
clinical perspective this helps provide a rationale as to the poten-
tial for individual variability in outcome for children exposed to
similar traumatic experiences. In the ﬁeld of GxE research it is
recognized that advances will be contingent on improvements in
how environmental inﬂuences are quantiﬁed, and precision in
identifying the timing of their occurrence (Lenroot and Giedd,
2011). However, there is preliminary evidence that genetic poly-
morphisms may also help account for the potential variability in
clinical outcome. In a study of 1- to 3-year-old children with exter-
nalizing problems Bakermans-Kranenburg et al. (2008) found
a moderating role for the dopamine D4 receptor (DRD4) in a
video-feedback intervention study designed to improve maternal
sensitivity and discipline. The intervention was effective primarily
in those children with the DRD4 7-repeat polymorphism. This is
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the ﬁrst study to provide preliminary evidence that gene by envi-
ronment interactions may play an important role in explaining
the differential effectiveness of a given intervention. We remain
a long way, however, from being able to tailor interventions
to speciﬁc groups of children on the basis of genetic informa-
tion. Nonetheless, improving our conceptual understanding of
the factors underpinning outcome variability will represent an
important advance in our efforts to treat more effectively the
wide range of problems that are known to be associated with
maltreatment.
CONCLUSION
While there is now accumulating evidence indicating an associa-
tion between neurobiological change and childhoodmaltreatment
there remains a need for caution in how such evidence is inter-
preted. Much of the research to date has been based on very
mixed samples of children or adults with diverse experiences of
early adversity. This partly derives from the complexities inherent
in the deﬁning and assessing maltreatment type, given that abu-
sive experiences seldom occur in isolation. Nonetheless greater
precision and homogeneity in how groups are characterized in
relation to maltreatment experience, age range, socio-economic
status, and intellectual ability are required, as too is the need for
longitudinal and intervention studies. This will assist in making
moremeaningful inferences about the signiﬁcance of any observed
neurobiological differences.
Nonetheless, the studies reviewed here support a growing con-
sensus that maltreatment contributes to stress-induced changes
in a child’s neurobiological systems. While these changes may
be adaptive in the short-term it is hypothesized that they con-
tribute to heightened risk for psychopathology over the longer
term. There is a need to specify withmore precision the psycholog-
ical factors that may mediate the association with poor behavioral
outcome, both in terms of adaptations to psychological processes
(e.g., attentional hypervigilance to threat) and in terms of inter-
nal representations of self and others (e.g., schemas or internal
working models). The longer-term goal is to establish a clearer
picture of the links between environmental stress, neurobiologi-
cal, and neuroendocrine change and the ways in which these may
potentiate and shape social, affective, and cognitive development.
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